j‘; f(x)dx @
“lim f (x) @
1\1_\.'”-4—/ /f_\' )S ¢ @NDU ﬂ

VX' +y? LINEAR INFQUALITEES ARG/ |
lIN[AnI PEAGRAMMING

-'I'-:-.'- I.-.-- =
%, A

I
B

Linear proqrarrmlr G
The methad of »oimg the sihear v —qu'alities is called linear programming.

Llnear Inecuauity:!

Ir‘uu.allves ore eApressed by the following four symbols;
>/ griarer then); <(less than); 2 (greater than or equal to); <(less than or equal to)
The inequalities ax+b<c, ax+b<c, ax+b>c ,ax+b >c are the linear inequalities in
one variable and the inequalities ax+by <c , ax+by <c, ax+by >c, ax+by >c are the
linear inequalities in two variables X and Y .
The following operations will not effect the order of inequality while changing it to
simpler equivalent form.
Q) Adding or subtracting a constant to each side of it.
(i) Multiplying or dividing each side of it by a positive constant.
Note that order of an inequality is changed by multiplying or dividing its each side by a
negative constant.
Graphing of a linear inequality in two variables:
Generally a linear inequality in two variables X and Yy can be one of the following
forms:
ax+by<c;ax+by>c; ax+by<c ; ax+by>c
Where a,b and C are constants and a,b are not both zero.
We know that a graph of a linear equation of the form ax +by = c is a line which divides
the plane into two disjoint regions as stated below:

Q) The set of ordered pairs (X, y) such that ax +by <c

(i)  The set of ordered pairs (X, y) such that ax+by > ¢

The regions (i) and (ii) are called half planes and the line ax+by =c is called the
boundary of each half plane.

A vertical line divides the plane into left and right half planes while a non-vertical line
divides the plane into upper and lower half planes —\
A solution of a linear inequality in X and y is an ordered palr of numr-q-r° Nh ich <,£ s |=s." \
the inequality. \ | | o
Note that linear equation ax + by £ is cal eo as >o Iot(‘d )r corre$pmo no équatlon" of
each above mentioned inefudlities, = /~ 2 [ ]

Procedure for Graphing a linear, Irieguality in tw \'urlaf"!co

Q) The cdrresponding equaticn of fhé\g equalitydsirst graphed by using ‘dashes’ if the
inequality\inv: nve, he s;mbolf >.or<and a solid line is drawn of the inequality involves
the symyors| >icr . |

(u)l 3 A st nofnt U‘ ton the graph of the corresponding equation) is chosen which determines

M| U*a thenalf plane is on which side of the boundary line.

“Joser points:

A point of solution region where two of its boundary lines intersect is called a corner
point or vertex of the solution region.
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Chapter-5 Linear Inequalities and Linear Programming

EXERCISE 5.1 N

Q.1  Graph the solution set of each of the following linear inequality in Xy=plane: Il,r—~ ﬁ:‘- 'ﬁ-, \
(i)  2x+y<6 = T g J A
Solution: '"-. r r*‘*~ —]

2X+ y < 6 - l Ill rﬁll 1 ! :éiﬁ# :

The associated equation of, th'? ‘rc*{1 \Ia‘cﬂlt\ s"-,‘_ L 2,

2X+y GIII‘_FI(l) ___,.d—“-\,,_‘- ' III\\H_II '| __,.-""‘—‘I' S "

When f’_;] 0, 'tie h’q{) lﬂ;orrlﬁ.ns y\_ e

(0,6 |s!-l',, paintion ti'qe"ln'ue'»q‘) 300
b3 B
- m“*qﬂl y-,_h!._t_Lé_r(l) pecomes X =3 X
T‘U r3, E,) s another point on the line (i).

Take (0,0) as a test point. Putitin 2x+y <6

2(0)+0 <6 vl

0<6(True)

Because test point (0,0) satisfies the given inequality, so its solution is towards the origin,
which is the closed half plane, as shown by shaded region in the figure.
(i) 3X+7y=>21
Solution: i
3X+7y=21
The associated equation of the above inequality is:
3x+7y=21..(i)

When x =0, then (i) becomes y =3 0
-. (0,3) is a point on the line (i).
When y =0, then (i) becomes x=7 )
. (7,0) is another point on the line (i). } 0 o 0jl i
Now we sketch the given inequality.
Take (0,0) as a test point. Put itin 3x+7y>21
3(0)+7(0) >21 v
0> 21(False)

Because test point (0,0) does not satisfy the given inequality, so its solution is away from
the origin, which is the closed half plane, as shown by shaded region in the figure.

b b -H"-.--H"l
(i) 3x—2y>6 E\U
oution: pawzo\

Solution: =I5 ] | )
3x—2y>6 ANEITIEALY

i1 a1
ALY 1
The associated equation o % rd— ‘/}v 1
3x-2y=6.(0) ﬁ?\iﬁ"\r_&uf

|I:'—\_

\.F

,

im
P,
K

When :
Y?;'r aRJ nat\wﬂ‘fﬂrl‘w{l) X ol 1420 X
'—\J’ N‘bl v = Q) then u) becomes x =2
,’\Jﬁ" 2, 0) is another point on the line (i). o
Take (0,0) as a test point. Putitin 3x—2y>6
¥
3(0)-2(0)=6 1

312



Chapter-5 Linear Inequalities and Linear Programming

0> 6 (False) )\
Because test point (0,0) does not satisfy the given inequality, so its solutlamﬁawayjmr -. '.’ A '-3
the origin, which is the closed half plane, as. shown by shaded a-.gr |rI ;e |g‘.1re. ) \ u I\

(iv) | 5x—4y <20 O '1 ﬁ '.Il.--f[“-., . Im e
Solution: A __:r' A W e
| '. 'WARY [ LT R [ I J
5x — 4y<’_’.\ (Y, Wi '. N AT -
The asmémtej’eqﬁ-'qtldﬁ‘-oi tne \t{g-mfh 'aﬁ“ tyis: v N
5X 4yl . ':) (J) | '.I III IIL-_| | _| ’k
s | “ N Al @
‘]'\ n}en x.-t thel u) becomes y=-5 E
ﬁ' J |\\I J (6 —5) is a point on the line (i). _
|
\ \ When y =0, then (i) becomes x =4 In .
. (4,0) is another point on the line (i). . fols
Take (0,0) as a test point. Put it in 5x —4y < 20 Xy

5(0)—4(0)<20
0<20 (True)
Because test point (0,0) satisfies the given inequality, so its solution is towards the origin,
which is the closed half plane, as shown by shaded region in the figure.
(v) 2x+1>0 A7
Solution:

2x+1>0
The associated equation of the above inequality is:
2x+1=0...(i)

. -1
From (1) x=—
() 5

==

Take (0,0) as a test point. Putitin 2x+1>0

2(O)+120

1>0  (True)

Because test point (0,0) satisfies the given inequality, so its solution is towards the ori

which is the closed half plane, as shown by shaded region in the flgu;c(‘:ﬂ \ (’
() 3y-4<0 \ A FERHRe e
Solution: . _'j _'- ". LR {'-’1'., 'S an L=

2y—450 O\ a0 (0O e

The as Q,Q'lﬂ'ﬂlﬁd equatﬁ—e{-.hé-, ‘irb_fbw' ;\c\tg!:it Vs AT

3y—4'=4) II(IQI". fﬁl o' ".'. W\"L )

! \\ - X
Fro ](I,"Ily—l,_.l . j. tJ‘ "._,-
‘:\1 j'?}ﬂ\{]ah el (5,0) as a test point. Put itin 3y —4<0
v\ 3(0)-4<0
-4<0 (True)

'|
LA

!_—'_-H'

\1

r-d=(
v \
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Because test point (0,0) satisfies the given inequality, so its solution is towards the origin, ~ _ —,

which is the closed half plane, as shown by shaded region in the figure. — .-".__' { vV
Q.2 Indicate the solution set of the following systems of linear mpaua-nu«esw ahaﬂl“lg \ AR

2X 3y < 6 1 l- =i .:-_HP lT_. :'l :, x"'\- |II_|.-.‘-}:'(¥_.-" _:L. \ -L-.

o 1 a (R 1 L

20+ 3y <12 A -2 A W \\BRECRLE
Solution: RYZARIBS RN "L T T

2x =3y 3. 2 +3y i\ (AN R o114

The assoc*ctec‘ =qr|a*|on° o} rhe- - S I T

mea"all |es are A X

Iul '.I-_I:_ L
" - -.--' B

= M
Ry LY ]
- ;__]| xIJ wl C

'-.'\'-\. -\.I %
QN[N

2x—3y =6...(i)

When x =0, then (i) becomes y=-2
-. (0,—2) is a point on the line (i).

When y =0, then (i) becomes x =3
-. (3,0) is a point on the line (i).

Take (0,0) as a test point.

Putitin 2x—3y <6

2(0)—3(0) <6

0<6 (True)

2x+3y =12...(ii)

When x =0, then (ii) becomes y =4
-. (0,4)is a point on the line (ii).

When y =0, then (ii) becomes x =6
-. (6,0)is a point on the line (ii).

Take (0,0) as a test point.

Putitin 2x+3y <12
2(0)+3(0)<12

0<12 (True)

Because (0,0) satisfies both the given inequalities, so their solution is towards the origin.
Also, the common solution for both the inequalities is shown by the shaded region as

shown in the figure. ) [ |
X+y=5 ks
(ii)
-y+x<1
Solution: )
X+y=5 , -y+x<1 P RE NGO X~
The associated equations of the above i =L 1 1 =AY \
. o _ [ AN Y T AT iU
inequalities are: B TR 45@ = L‘t]ﬁ__-ﬁ 3
—~ Vo T Lep PR TS, TV ™
I = 1 L} LANRYR L] | -
O\ A AW AR
Yy I'. L | TR o
il s LI ;oA i X g
C'r"- L~ \ \ ) ::II“*-'LR_ :
= | I |I i"'“l v I'| lII i - -
x+y=6.40 4 L LW —y+x=1...(ii)
M\ h |\ ' ')' Ie-tu-l) becomes y=5 When x =0, then (ii) becomes y = -1
‘Qajl* \_J !_U) ':,5 |sap0|nton the line (i). -. (0,—1) is a point on the line (ii).
™

7
k‘f‘li’} |
MA®

When y =0, then (i) becomes x=5
. (5,0) is a point on the line (i).

When y =0, then (ii) becomes x =1
-, (1,0) is a point on the line (ii).
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Take (0,0) as a test point. Put it in Take (0,0) as a test point. Put it in )
X+y>5 —y+x<1 . _ = 0N
0+0>5 -0+0<1 A\ N (C L\ x_JIJ wu -
0>5 (False) ""?.)<1 ("'r ‘Ejﬂ IS -J ,' ,-f e .-_;.”‘w.: 4

P 1. || '. '. ', R‘-. | b, J

Because (0,0) does not sausvv t'cv fn?:.q Jafity u, 0 ;ts S'J|Ut| an'is away from the origin.
Also, (0.Ci¢atisfies thc- J,an.'.l'.illiy (||-ﬂ snu-'ts p@'u_tﬁh is towards origin. The common
solution ;Fb bp n ‘ﬂ* n:i'“*wawtmms °mown > the shaded region as shown in the figure.

3x+7y >'41 \ \ VLA 1
(i) '. Vi T
o | j | 4)‘3i] kl(}nl = sy
NG O 3xaTy =21 , X—-y<2 .
N The associated equations of the above inequalities are: X 0 - ”".’Dr : L
- "IIL
-
3x+7y=21...(I) X—y =2..(ii)
When x =0, then (i) becomes y =3 When x =0, then (ii) becomes y = -2
-. (0,3) is a point on the line (i). -. (0,—2) 1s a point on the line (ii).
When y =0, then (i) becomes x=7 When y =0, then (ii) becomes x =2
-. (7,0)is a point on the line (i). -. (2,0)is a point on the line (ii).
Take (0, 0) as a test point. Take (0, 0) as a test point.
Putitin 3x+7y>21 Putitin x—y<2
3(0)+7(0)>21 0-0<2
0> 21(False) 0<2 (True)
Because (0,0) does not satisfy the inequality (i), so its solution is away from the origin.
Also, (0,0) satisfies the inequality (ii), so its solution is towards origin. The common
solution for both the inequalities is shown by the shaded region as shown in the figure.
4x-3y<12 Y / o
(iv) 3 IV L0\
iv ~ SRR
X2 == . H= 0 u e
2 i.--.-'- = :— i .:_‘.'(x‘-‘d:'--‘ h_-j
Solution: O f_'. VO I.,_- [ B
i'- " =\ oy Il| ) II| -.Ir-lrl 1 '|IL.. | X
4X 3y < 12 , X >| ::):lf Illl 'l ||III |I | -:EI |II Ilﬁkl""p __I_', IL- _I )] 30y X
The asioémte'd eﬁ'} a,ltloﬁ‘;,, o'f"rrheﬁ%\c\\iﬂ ] A
mequal utIE'.S arn %\ "., RREL= AR
= \ "..__'-, 3 -
-~ r"xﬂ\‘\.j | i
\ Ik'xx,_ “\_.l " 7 }
by 4x—3y =12...(i) x:—g...(ii)
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When x =0, then (i) becomes y =—4 Here x = _g is a vertical line.

. (0,—4) is a point on the line (i). . Take (0,0)@sa Tl'é.s_-':“goi'."ut_

A

When y =0, then (i) becores x =3/ L Pubitin \_-._—;3

- (3,0 peintorthe lire (.5 | e "02—2 (True)

Take,(0,0) a5 a tast Ooirt.

"'.:'ﬁ":t,-i*: iy e 3y <12

4(0)-3(0)<12
0<12 (True)
Because (0,0) satisfies both the given inequalities, so their solution is towards the origin.

Also, the common solution for both the inequalities is shown by the shaded region as
shown in the figure. Ay
x+7y>21 m'ﬂ... — iy -
(v) N .
y<4 BN
Solution:
3x+7y=>21 y<4 0
The associated equations of the above ¢
inequalities are:
Y
3Xx+7y=21...(1) y=4...(i1)
When x =0, then (i) becomes y =3 Here y =4 is a horizontal line.
-. (0,3) is a point on the line (i). Take (0,0) as a test point.
When y =0, then (i) becomes x =7 Put it ir_1 y<4 ” WA
. (7,0)isapointontheline ().  — | | us4’Truo)| f f , -
Take (0,0) as a test point. | A AW -

TOpper s
..\.' I Y 1 -
‘Blacause (0,0) does not satisfy the inequality (i), so its solution is away from the origin.

Put it |";-3<+7yx_}>_24__. - AV

3(0)+7 (c)z RN

Also, (0,0) satisfies the inequality (ii), so its solution is towards origin. The common
solution for both the inequalities is shown by the shaded region as shown in the figure.
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Chapter-5 Linear Inequalities and Linear Programming
Q.3  Indicate the solution region of the following ¥ D
systems of linear inequalities by shading: : = .:4 | !
2x—-3y <6 B EEREJNN *f'—". RIS 2
(i) 2x+3y <12 — Ve TR A e T
1---I' .",_:{\. ."". T Ill I', I| II| II' il-“_l P~
y=0 AVZiRTEaR RN
Solution: - ___,. ~, | \ Y Vo L N, __.-'"—"‘\ﬂ 7 2 NETRE
2 . " I "-,_‘ - 1 . -
2X 3 A §|€' Z)/‘-q"'?)_ ( = J._E'l), J" |_ C'H“\.\, | _'. - _.-"'ﬂ' yef) P 3.0} 2 [
The assoc:at ed q a ions, oT- thel abiove : '(; s |
- |re |e:', .3re 1o '
] |vl J“‘* - 7
2x—3y=6...(1) 2x+3y =12 ...(i1)

When x =0, then (i) becomes y =-2
-. (0,—2)is a point on the line (i).
When y =0, then (i) becomes x =3
-. (3,0) is a point on the line (i).

Take (0,0) as a test point.

When x =0, then (ii) becomes y =4

~. (0,4)is a point on the line (ii).
When y =0, then (ii) becomes x =6

-. (6,0)is a point on the line (ii).
Take (0,0) as a test point.

Putitin 2x+3y <12

2(0)-3(0)<6 2(0)+3(0)<12

0<6(True) 0<12  (True)
Because (0,0) satisfies both the given inequalities, so their solution is towards the origin.
Also, y >0 indicates that the solution will be above x-axis. Hence, the common solution

for the given system of inequalities is shown by the shaded region as shown in the figure.

Putitin2x—-3y<6

X+Yy<5 -
(i) y—2x<2
x>0 (0.5)
Solution: Wi
X+y=<5 y—-2x<2,x=0 (0.2 N o~
The associated equations of the above : L= 0 W
. o (-1.0}/0 59 A1 H Y 3 '.'_'. LA
inequalities are: v Ll e/ V-
II-- II| r'--'| ol il ¥ i ! [
- O AN B
W\ 70\ (0 \O e
-\ A~y I".I II""IIII-"I \ I'l.ll'-\: I'.II"‘~——~"“L' mia
| y | -
—4 II' IIlI I|I -il" rl'. i T“‘*\Il.__-' " ¥
x+v—:I kl)".. \ II"L ViAW T y—2x=2...(ii)

When x =0, then (ii) becomes y =2
~. (0,2)is a point on the line (ii).
When y =0, then (ii) becomes x=-1

‘]'\He 1 x = L'“" *L*en %I) becomes y =5

-, fM:‘-ll _;\J’ l\\_J N

A AR (0,5) is a point on the line (i).
- When y =0, then (i) becomes x =5
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-. (5,0) is a point on the line (i).
Take (0,0) as a test point.
Putitin x+y<5

0+0<5
0<5 ('I:r_ue)-

Becaus= (7 0) sati; ’f es bwtt i

SININ
! '.JI 7 shown in the figure.
X+Yy=>5
X—y=>1
y>0
Solution:
X+y=>5 x—y=>1y>0

The associated equations of the above
inequalities are:

(iii)

x+y=5...(1)

When x =0, then (i) becomes y =5
-. (0,5) is a point on the line (i).

When y =0, then (i) becomes x=5
-. (5,0) is a point on the line (i).

Take (0,0) as a test point.

Putitin x+y>5

0+0>5

0>5 (False)

Linear Inequalities and Linear Programming

-. (=1,0) is a point on the line (ii).
Take (0,0) as a test point.. -~

_Putitin y—2w=a | |
(I = § Y {0

kL

. '-(f-_"'-:Z-'{_Oj_s'._z-,_ \ L [

U | o0 S 2 ()
AL RIS
gii/en inequalities, so their solution is towards the origin.
= AIRD | X 2 G indicaies that the solutlon will be on the right side of y-axis. Hence, the
-.Q)m.-non solution for the given system of inequalities is shown by the shaded region as

Ao

}

[8)

% §1.0) [ (510) il

¥

x—y=1...(i1)

When x =0, then (ii) becomes y = -1

.. (0,—1) is a point on the line (ii).
When y =0, then (ii) becomes x =1
-, (1,0) is a point on the line (ii).
Take (0,0) as a test point.
Putitinx—y>1

0-0>1

0>1 (False)

Because (0,0) does not satisfies both the given inequalities, so their solution is away from
the origin. Also, y >0 indicates that the solution will be above x-axis. Hence, the

common solution for the given system of inequalities is shown by the shaded region as .

shown in the figure.
x+7y<21

X—y<2 ) )

x>0

Solution: - W
3x+7l_fm’1 )<'x ') x\
The ass: ma eq, qu a. lons of thelabiove

=, ||F=’(Jl aI|i1e< mre _.'

(iv)

1
5 "-_|| |

- y o |
L — 1
LLH Jop Al ]
o { 1T/ =1 1 1
AR Wl e \ 4 =
Iﬁ NIV
Ak A —s—H———+
| . T -
#,» D _21/
.\. L] '::_.-“
0 i
Y §1.00 | (510) V)
A\l (01-1) "
4 o
1%
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Chapter-5 Linear Inequalities and Linear Programming

3x+7y=21...(1) x—y=2...(11)
When x =0, then (i) becomes y =3 When x=0, then (||) becomes Y = 8
~. (0,3) is a point on the line (i). . (0,—2) is-2puif .1 on 1hv ImP (m
When y =0, then (i) becomes x = 7,5 \/men V& o htn ||) be,orr.vo X=2
. (7, 0)|s a_point on the Ime (|J _. ._ : 2 U)Js a Ddlnt on ke line (ii).
Take (. (‘) aslatest oom W ,;" " ‘iake (0,0) as a test point.
Putltlr.3<+,y<41 A= Putitinx—y<2
ETE) 1) B 0-0<2
<21 (True) 0<2 (True)

Because (0,0) satisfies both the given inequalities, so their solution is towards the origin.
Also, x>0 indicates that the solution will be on the right side of y-axis. Hence, the
common solution for the given system of

inequalities is shown by the shaded region as -
shown in the figure. 2
3x+7y<21 i ) B //
v) X-y=<2 - 2; S s
y>0 I 53
Solution: I LU0 A (ZOT
3Xx+7y<21, x—y<2,y>0 2/ [(032)
The associated equations of the above inequalities /\:7
are:
7
3Xx+7y=21...(1) X—y=2...(1)
When x =0, then (i) becomes y =3 When y =0, then (ii) becomes x =2
-. (0,3) is a point on the line (i). -. (2,0)is a point on the line (ii). e
When y =0, then (i) becomes x =7 When x=0, then (ii) besqiries " = -2 O U
. (7,0)isapointon the line (i). - (0 —2)isd nonm or= '[h lfn-c"u ‘“:_
Take (0,0) as a test point. — .:--‘::-. P <e .((r O} oS ¢ tast, po '
Putitin 3x+7y<21 | YFARI BN Put |t woxa 2 L
3(0)+724)) <"-7-1""-”Ji._“‘. AR = <2
0<2n (e || | L T 0<2 (True)

) ), I ._
w1 J 1 .
. .. ’

L1 -

E|'~"- auspu, 0y satlsfles both the given inequalities, so their solution is towards the origin.
r\lso y >0 indicates that the solution will be above x-axis. Hence, the common solution

for the given system of inequalities is shown by the shaded region as shown in the figure.
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3X+7y<21 Py T
) e, T |\
(VI) 2X—y>-3 - < /.' I..-' . hil — :_.';1:"::'-_ ALR"
x>0 S [ ':::'!:F'_I' N s
Solution: — -\ e
3x+7y<2l 2x—y=-3,¥20 £ N E W 7:0)
The associated equations of th € al’o /e B [t =l 4
meque.ltr 2 dre '-”I- -. ‘“N’ A= 19 S
'h.
]I W N ' +7y 21...() 2x—y=-3...(i1)
e When X =0, then (i) becomes y=3 When x =0, then (ii) becomes y =3
-. (0,3) is a point on the line (i). -. (0,3) is a point on the line (ii).
When y =0, then (i) becomes x =7 When y =0, then (ii) becomes x = —
: : . -3 ). . L
-. (7,0)is a point on the line (i). ?,0 is a point on the line (ii).
Take (0,0) as a test point. Take (0,0) as a test point.
Putitin 3x+7y<21 Putitin 2x—y>-3
3(0)+7(0)£21 2(0)—02—3
0<21 (True) 0>-3 (True)
Because (0,0) satisfies both the given inequalities, so their solution is towards the origin.
Also, x>0 indicates that the solution will be on the right side of y-axis. Hence, the
common solution for the given system of inequalities is shown by the shaded region as
shown in the figure.
Q.4  Graph the solution region of the following system of linear inequalities and find the
corner points in each case: = L
— < N
. 2x—-3y<6 ST +
Q) 2x+3y <12 ~~r~._;,,‘/ d
2
x>0 5 w &
Solution: ¥ g TEONL T ]~
2x—3y <6, 2x+3y <12, x>0 05 W =y =AY
. - Lo I 15 1] | L L ™
The associated equations of the above B 1= 1«’«3‘, i R s
inequalities are: ~ T\A ¥ e ARSI
AR A% A1 B A R T A
u’.. £ A AL V7
2x—3y =6....(1) \ A .-’ AR .21. =iz () L

When (X3 -p ,,the& (t}fﬁ&c&n e’y
(0, - 4) is al pmﬁt ory the tine (i3
Whm y = 0.,tmn /|,. becsries x =3

H

e

~ [N AN3.) is 'msmton the line (i).
™ -\ ”"-‘Jl -I""-TJ
\ ‘QJ | x\l [N ake (O 0) as a test point.
VIR Putitin 2x—3y <6

2(0)-3(0)<6

2 ‘» -

Linear Inequalities and Linear Programming

wﬁhen x 0, then (ii) becomes y =4
(0,4)is a point on the line (ii).
When y =0, then (ii) becomes x =6
-. (6,0)is a point on the line (ii).
Take (0,0) as a test point.
Putitin2x+3y <12

2(0)+3(0)<12
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0<6 (True) 0<12  (True)

Because (0,0) satisfies both the given inequalities, so their solution is towards the o
Also, x>0 indicates that the solution will be on the right sida nf |y=axis. Heu,e e
common solution for the glven sy°+°m of 1ntq|- lities LS movm “hy' the! Sha("-?‘f rcglon as
shown in the figure. S~ W \ |

Now we fn"J the corner-noint; of tt ey Iu ion ragion.

Solvmg_ 2< _—‘Qy :,5' amd'-_ 2\t Efyalz',we get blj

'3.".||+9'..'.ce ~¢rnai-points of the solution region of the given system of linear inequalities are

.'-Z_IJ'.':' :_.I'.: j, Al

'(b,élj,(o,—z)and(%,lj.

g
X+y<5 <
(i)  —-2x+y<2 S INV Ly
y >0 /c .,':\-.* X
Solution- a0 X
X+y<5 —-2x+y<2,y=0 X - el Y
The associated equations of the above T
inequalities are: V.
)l
x+y=5...(1) —2x+y=2...(i1)

) J Y J |
N N | . I 1
, UL
% B k' ,
Ol -._ .
L L o
L1 -

rigin|

When x =0, then (i) becomes y =5
-. (0,5) is a point on the line (i).

When y =0, then (i) becomes x=5
-. (5,0) is a point on the line (i).

Take (0,0) as a test point.

Putitin x+y<5

0+0<5

0<5(True) T\

When x =0, then (ii) becomes y =2
-. (0,2)is a point on the line (ii).
When y =0, then (ii) becomes x =-1
-. (—1,0) is a point on the line (ii).
Take (0,0) as a test point.

Putitin -2x+y<2 - N L0 \
-. '-‘--2( 0)+9<-2'f"

=

= k 1 L

L e 1 | b

LY B LA Y, e
1 [ [\ T

~0K2" TFue) V)

Because ((‘ <) satisfies hﬁtl‘ the avm nequglltae" sr} Aelr solutloﬁ is towards the origin.
Also, ,x_» 0 ndlta*es rmt te @]u cn Witl-5e above x-axis. Hence, the common solution

for the givan siys tem of |r PQUuIItIeS is shown by the shaded region as shown in the figure.
Ildk, L/ we flr a.the'corner points of the solution region.

Solvmg X+y=>5 and —2x+y=2we get (1,4).
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Hence corner points of the solution region of the given system of linear inequalities are

(1,4),(~1,0)and(5,0).

X+7y<21

(i) 2x—-y<-3 B
y>0

Solution: Ty

3x+7)\4], ax 7"< ’3 y> ““‘\

The asstciated! equat‘ ar's ‘o7 the above
rﬂ na"new"c

3Xx+7y=21...(1)
When x =0, then (i) becomes y =3
-. (0,3) is a point on the line (i).

When y =0, then (i) becomes x =7

-. (7,0)is a point on the line (i).
Take (0,0) as a test point.
Putitin 3x+7y <21
3(0)+7(0)<21
0<21 (True)

Linear Inequalities and Linear Programming

— %N
R
1

d — ._I f | L '. i -. (]
= L8
]

/3

=
L

fo

2x—y=-3...(i1)
When x =0, then (ii) becomes y =3
~. (0,3) is a point on the line (ii).

When y =0, then (ii) becomes x = —g

3
" (_E’Oj is a point on the line (ii).
Take (0,0) as a test point.
Putitin 2x—y<-3
2(0)-0<-3

0<-3 (False)

Because (0,0) satisfies the inequality (i), so its solution is towards the origin, and (0,0)
does not satisfy the inequality (ii), so its solution is away from the origin. Also, y >0
indicates that the solution will be above x-axis. Hence, the common solution for the given
system of inequalities is shown by the shaded region as shown in the figure.

The corner points of the solution region of the given system of linear inequalities are

(0,3)and(—g,0)

X+3y<6 = 3_:;.

(iv) 3x+2y26., Ry '
'H.I '| L1 i i \‘u '.I wod lll ',I
y>0(_ { —w o\ __K\

Solutlon -, B\ ARRERL™ R
y<6 wxr7\,'\»a— y>0
. RN 'ka A & J Assotiaed equatlons of the above
Y| Q,J WL eequalities are:
AV A

— o .-"--_.'l.l
TSI
Ty - ] YIS '__..l;.‘ b
.-"'H-__I1 I'l I". 1 I'..l.‘_l'- 1-.-II II -
TN L e )
| L} .‘."'\-\__ e
\ 04 N
0 (607
T ——
o\ 5
N
21
Z N
\ i \
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X+3y=6...(1) 3x+2y=6...(i1)
When x =0, then (i) becomes y =2 When x =0, then (ii) becomes-y =3.—
. (0,2)is a point on the line (i). . (0,3) is a pointut: the [Iie (.'i)'
When y =0, then (i) becomes X =4 ' \Vhf"] v 7 arien’ (i‘a-\ e oma,y =z
. (6,0)is a point on the I ne (n (2 0%isie pon ton me line (ii).
Take (C-\,) as atestpeint |V ‘.n VoA l’a_./e' (5:0) as a test pomt.
Putitir=\way<sy || | | w TTPutitin 3x+2y=>6
0430)<hl L L 3(0)+2(0)=6
| b6 Grae) 0>6 (False)

Because (0,0) satisfy the inequality (i), so its solution is towards the origin, and (0,0) does
not satisfies the inequality (ii), so its solution is away from origin. Also, y >0 indicates

that the solution will be above x-axis. Hence, the common solution for the given system
of inequalities is shown by the shaded region as shown in the figure.
Now we find the corner points of the solution region.

6 12
Solving 3x+2y =6 and x+3y=6We get(? 7)

The corner points of the solution region of the given system of linear inequalities are

(2,0),(6,0)a d@ 172j

i _L‘]

SX+7y<35 ¥
(v) —x+3y<3 \TN
x>0 0N Tl
= ARl
Solution: =
5Xx+7y<35 —x+3y<3 x>0 (01) Lom | -
Y= Y HEGE= s S
The associated equations of the above R
inequalities are: [ i
HW=Ti
T --.-.,,Eﬁ % 173
5x+7y=35...(1) ~ T —x¢")/ '3 i)\ A=
When x =0, then (i) becciiigs y==5 /. Wher— >'~L' the,n (n) )euomes y=1
. (0,5)is 2 pomt on the line! (l; RIR {0, L)m a'paint on & ke line ().
When i/? 0,\th Cﬁ(lﬂ“ﬁf‘m es X\ “Wen y =0, then (ii) becomes x =3
. (7,0his 4 pwmt on tne Ime gy, S (—3,0)|s a point on the line (ii).
~ (RN x]e (o, 0) Ds atdst pomt Take (0,0) as a test point.
'«I b Jn I"Jcl in 5x+7y <35 Putitin —x+3y <3
5(0)+7(0)335 —0+3(0)£3
0<35(True) 0<3 (True)
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Because (0,0) satisfies both the given inequalities, so their solution is towards the origin.

Also, x>0 indicates that the solution will be on the right side of x-axis, Hence, tiie- AVt

common solution for the given system of mequalltles IS shown hy thm °nrd€d rn__‘g.j_i'or as

shown in the figure.

s

T ’
A

Now we find the corner pairts of 11e aO|l'*..vn t,glan

42 95\

Solvmn r) +7y 25 e, _.X{q, \3te Um,(__ =

1T

The coiner p(mts cf Lhe so! uf Ol reglon of the given system of linear inequalities are

( 9
- aﬂ Wand
IRV IR AY \11 11J
S 5x+7y£35
(vi) x-2y<2
x>0
Solution:

5x+7y <35, x—2y<2, x>0
The associated equations of the above
inequalities are:

5Xx+7y=35...(1)

When x =0, then (i) becomes y =5
-. (0,5) is a point on the line (i).

When x =0, then (ii) becomes y = —
-. (0,—1) is a point on the line (ii).

Take (0,0) as a test point.

Putitin 5x+7y <35

5(0)+7(0) <35

0<35 (True)

Because (0,0) satisfies both the given ineq: lantnac quth e|r .ﬂlvtmn |s tUW’.:i:dQ it

I
1wl sl
NG
[P L
l
pm | 5 Iy
3 =
.x 4 - X
- nd
0200 (1,
() &
AT
il
x—2y=2...(i1)

When y =0, then (i) becomes x =7
-. (7,0)is a point on the line (i).

When y =0, then (ii) becomes x =2
. (2,0)is a point on the line (ii).

Take (0,0) as a test point.

Putitin x—2y<2

0-2(0)<2 P\
0<2 (True).- VAT =
origin.

Also, x>0 indicates that-the soittion wil De' an th.n rluhr. side'jof y-axis. Hence, the
common solution for the uvon syst em o{ i equah es LS cHown by.the shaded region as

showny in“ﬁe fiqure: W L \ \
th siutlon reglon

Now Wit d rp(orner )o;nls ;).

(0,5),(0,-1)a d@;’ fgj

>cl}'lng 3x+7 / —u5 and X—2y=2We get(

P

84 25
17'17

'Tne corner points of the solution region of the given system of linear inequalities are
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Q.5 Graph the solution region of the following system of linear inequalities by shading: ~ _ —,
3x—-4y <12 !’1 = = '

Tlne assomated equations of the above inequalities are:
3x+2y=3...(ii)

When x = 0then (ii)
becomes y = g

Q) 3x+2y>3 ) EEXNSARE -_% J L= v
Ty I, 5y e
X+2y<9 ~ Vet VOV P EAEERal
— L ." o |1 .'l 5 .'. i & .'_ '.’.‘. =1 ‘) g
Solution: ' ,--.. I.-*’ AW U\ g 3
1 L - 1= .
3x— 4y <1" 3x+2y>’3 ,<+ay, P\l IR a == et —-i
-',::":. 1 '._ SR .I '-I \H_\ % 1.4 ' (5.0 (9.00 7T,
I ||II ] II-\. (g '3,‘ A, Py
ARNNN Lo i
S\ 'k.:_l | "k.,.IJ N

AN A 3x—4y=12...(1)
When x =0, then (i)
becomes y=-3
~. (0,=3)is a point on
the line (i).

When y =0, then (i)

X+ 2y =9...(ii0)
When x=0, then
(iii) becomes y =%

becomes x=4

-. (4,0)is a point on

the line (i).

Take (0,0) as a test
point. Put it in
3x—4y<12

3). .
" (OEJ is a point on

the line (ii).
When y =0, then (ii)
becomes x =1

. (1,0)is a pointon

the line (ii).

9). :
" (OE] is a point on

the line (iii).
When y =0, then
(iii) becomes
X=9

-. (9,0) is a point on

Take (0,0) as a test the line (iii).
3(0)-4(0)<12 point. Put it in Take (0,0) as a test
0<12 (True) 3X+2y=3 point. Put it in

3(0)+2(0)>3 X+2y=<9

0> 3 (False) 0+2(0)<9

0<9(True)

Because (0,0) satisfies the inequalities (i) and (iii), so their solution is towards the origin,
and (0,0) does not satisfy the inequality (ii), so its solution is away from the origin.

v ey ....
Hence, the common solution for the given system of inequalities is shown hy the hamﬁ ! .. VL
region as shown in the figure. TR | ,- ;—..—]—"f x_; AR
3x—4y <12 S WP N L AT M Y oY
H |'I ™ I- \ |---‘I I I'| 1 -II\ .;II. I' x5 I ‘J -""-ﬂ--.
(”) X+ 2y <6 il.l-".ll -.::_-'_:Ll I.-'"-F :_" I|lI 'II I'. II'. lrl;_?'r :‘,‘Ii ¢:i“_ lII
\ |I _."- ‘A | [ '|I \ \ '-‘__ __!- 11 ___'. ot N < !
x+y>]_ “\ » Hll -\ / \ ".l'-.k ) ".l'“m__-""" Y 0.3) e
Solution: .uu \ 2y “x\_:' | N =) IEPEE
3x—4y. <fl_P '.le-+ '73,.<ﬁ,. x-+y B> G 0 6,0)X
ssocmtﬂd e.quat-n"s ‘ot the above A (.0 (40) >
‘ﬁ]r-@ﬂ 'mec' drsd .
- f xx‘] ‘"1 | 0 h/:w'j
N\
7
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3x—4y=12...(i)
When x =0, then
(i) becomes
y=-3

-. (0,—3) is a point
on the g (i},

When y=(, than(™
(i) kgcornes x =14 | L

..':._J U e ine (i,

Take (0,0) as a test

point. Put it in
3x—4y<12

3(0)—4(0) <12
0<12(True)

S, 40) isalpint on

Linear Inequalities and Linear Programming

X+ 2y =6...(ii)
When x =0, then (ii)
becomes y = 3 )

~(0.3)isa point 0|
) the Imv (). _
3 Where yi= O fhsl. \n)

| becomes x =6

~. (6,0)is a point on

the line (ii).

Take (0,0) as a test
point. Put it in
X+2y <6
0+2(0)<6

0<6 (True)

(0 1) is a poinon.

x+y=1...(iii)
When x =05 uﬁ.en (|||\

DT omes y— L

_4.-"

the line \|||).
When y =0, then (iii)
becomes x =1

-, (1,0) is a point on

the line (iii).

Take (0,0) as a test
point. Put it in
X+y=1

0+0>1

0>1 (False)

Because (0,0) satisfies the inequalities (i) and (ii), so their solution is towards the origin,
and (0,0) does not satisfy the inequality (iii), so its solution is away from the origin.
Hence, the common solution for the given system of inequalities is shown by the shaded
region as shown in the figure.

2X+y<4
(i)  2x-3y=>12

X+2y<6
Solution:

2X+y <4, 2x—-3y =12, x+2y<6
The associated equations of the above

inequalities are:

2x+y=4m®

When X 7 then
(1) bebsmws W= &
(. 4)id a palrtor

,1'ﬂc ling (i)

\ ;j:J|'“'-f;'_f'-. “When y = 0, then (i)

becomes x=2

P Y

the line (ii).
Wheny =0, then
(ii) becomes x=6

2x=3y <1200 | |
L/ When iy = J),,-th“__'f —
-."(u\h\lcnn.cs y=—4

A .'."(0,—4)|s a point on

T
1) ;l .
03~
g p
%
0 . A
204 (6,007
el L1
oy~
=
(0,4 ¥ 5 =
R )A"’FI £ %'."z,:_i-.'l'::
b= -.}_',,ﬂ~ 1 J_. Y, ?*‘qu,a“' ’
G L O ON

| X+ 2y = 6..(iii)
When x =0, then
(iii) becomes y =3

. (0,3)is a point on

the line (iii).
Wheny =0, then
(iii) becomes x=6
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-. (2,0)is a point on

the line (i).
Take (0,0) as a test

point. Put it in
2x+y<4

()f‘(-’)l‘

0<4(TH‘)

Linear Inequalities and Linear Programming

-. (6,0)is a point on

the line (ii).
Take (0,0) as.a test

porm Put i n |n = |

?‘ == >1_

\ L._(O _%!0}/1?':_. ,

am 10 0212 (False)
. Becalise! (0! L) <a ic Iéa the mequalltles () and (iii), so their solution is towards the origin,
, .'._o.l[lb_.\('),d) does not satisfy the inequality (ii), so its solution is away from the origin.

-. (6,0)is a point on
the line (i),

—.%aks (0/0)-as a vest!

foint. Flut.t i

'H¥+zy<6

0+2(O) <6
0<6(True)

Hence, the common solution for the given system of inequalities is shown by the shaded

region as shown in the figure.

2x+y<10
(iv) x+y<7

—-2Xx+y<4
Solution:

— -‘I-. L
k_jl '

2Xx+y <10, x+y<7, —=2x+y<4
The associated equations of the above

inequalities are:

2x+y =10...(I)
When x =0, then
(i) becomes y =10

-. (0,10)is a point on

the line (i).
When y =0, then
(i) becomes x=5

-. (5,0) is a point on

the line (i).
Take (0,0) as a test
point. Puf iHin
2X + v<. O
2(0)+0 10
} 0( ruﬂﬂ 3

l-x

1 L_.-

X+ y="7...(i0)
When x =0, then
(i) becomes y =7

. (0,7)is a point on

the line (ii).
When y =0, then
(ii) becomes x=7

. (7,0)is a pagit on_

thenr} (u\ L AT \

' \ Take (("f) 1sa1°.t
".pomt Put |t~":’ R

144 I
D+O<7
0<7 (True)

shaded region as shown in the figure.

] Y
P (1Il;r)I\ /‘
NER N
(W
Gay N
A
v
B O T
:
A:ﬁ“_,_ = e L TL e e _&
4JdEEENEEERERE

e f))“L,é‘F'i"JImOI el
'-._tPe ing (ii).~

=2X+y =4...(iii)
When x =0, then
(iii) becomes y =4

. (0,4)is a point on

the line (iii).
(iiii)_hecorjes % =2/
.-"'

ke (( (l) as a test

'pomt Put it in

—2X+y<4
-2(0)+0<4
0<4 (True)

"Rlatause (0 0) satisfies all the inequalities (i), (ii) and (iii) so their solution is towards the
origin. Hence, the common solution for the given system of inequalities is shown by the
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2x+3y <18 4 1616) .
(V) 2x+Yy<10 ‘? —-L = _—.{ 0
S O e Tm/JAARE
~2x+y <2 - o MR NI A N i
Solution: — Ve T —!"I e ‘“’,li:*'“’ -
2x+3y <18, 2x-+y <10, =Px+y<? = A E:F'"""' bEl - NTR)
The associated equations of ti e aho) el | 1:_ ) 'xx gl L8 10’4 e
mequah‘[i-% e - ~.{___ \ ' - ~ ¥ i‘y
=4\ \{ ARLRY “‘w\_, -HOI[A¢ 5 0]
LI RN AT IR SOY ] 19.0)]
% Loh ' A
] | x‘| ‘J | o) il ' v
N | NN | )
| 2x+3y =18...(I) 2x+y =10...(ii) =2x+y = 2...(iii)
When x =0, then When x =0, then When x =0, then
(i) becomes y =6 (i) becomes y =10 (iii) becomes y =2
~. (0,6)Isapointon . (0,10)is a point on . (0,2)is a point on
the line (i). L L
. the line (ii). the line (iii).
When'y =0, then (i) Wheny =0, then When y =0, then
 becomes x ?? (ii) becomes x =5 (iii) becomes
: t(r?ol) IS ?.;JOIH on ~. (5,0) is a point on x=-1
e line (i). L . i
the line (ii). . (=1,0)isapointon
Ta_ket (g,ot)_?s_ a test Take (0,0) as a test the line (iii).
%?(lné 21'8 n point. Put it in Take (0,0) as a test
oY= 2x+y<10 point. Put it in
2(0)+3(0)§18 2(0)_1_0310 —2X+y<2
0<18 (True) 0<10 (True) -2(0)+0<2
0<2(True)
Because (0,0) satisfies all the inequalities (i), (ii) and (iii), so their solution is towards the
origin. Hence, the common solution for the given system of inequalities is shown by the
shaded region as shown in the figure. 7
3x—2y>3 40.121\
(vi) x+4y<12 L T )
.‘.; ___.. !I&_.‘ul.l 1 |I |I
3x+y<12 A R [ e ';l LR
SOlUtIOﬂ I__-\.II _-l_l:_\_r - ‘:I/ \“! I_ IT{_ |Ill—.:|- _-"J_"'_
3x—2y 23, x+4y<12, 3x+y<fizy | |7\ | j,rm_.‘_'-, AT
The associated equations c.fhe ehofe s ‘ARl U A
lnequalltle.o are: N \ f A -I|.th \J ".k“*---*‘* 421& ju iy =
I‘\-\_o-"l \ .I -—w-"l; . , ! |!I — -_._-\,_ = ﬂ]ﬂ 0 ~ LY
:I"'nI \ 'II [ ."-I o - i \ll _,;.l 1.0 ( 2.“)-
! 'l i I| \ LI et
\ I I| L8 A e ) Y
Y u | \ J J_‘;,’ 3 (|) X+4y =12...(ii) 3x+y=12...(iii)
ﬁlr I‘k | A\ | '4Nhen x=0, then When x =0, then When x =0, then

Chapter-5

(i) becomes y = %3

(i) becomes y =3

. (0,3) s a point on

Linear Inequalities and Linear Programming

(iii) becomes
y=12
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(023 it the line (i_i)- = (0,12)is a point
. 10, IS a point on When y =0, then
2 i b 1 on the Imp U
the line (i). . ('1')2 ecomes x=12 _Viifen |y S prthen
When y =0, then . t(h( ’I'i?l)e (ij\‘ju . (ilijbechnbed -

(i) becomes x=1
. (1,0)isapointon

X'=4

Tsi@ (0/0)as attest, | || (@ 0ylis/a point on

p'.')irlt. Pt it in !

the lise)1). | 1 \| iy £1o the line (iii)
Take (3,0)as g tést, 1| | 1 4 o Take (0,0) as a test
Doint Putiiting 1 | O+4(O)S12 point. Put it in
: -2y =30 0<12(True) 3x+y<12
NI 3(u) 2(0 )>3 3(0)+0<12
' ' 0 > 3 (False) 0<12(True)

Because (0,0) satisfies the inequalities (ii) and (iii), so their solution is towards the origin,
and (0,0) does not satisfy the inequality (i), so its solution is away from the origin. Hence,
the common solution for the given system of inequalities is shown by the shaded region
as shown in the figure.

Problem constraints:
The system of linear inequalities involved in the problem concerned are called problem
constraints.

Non-negative constraints:
The variables used in the system of linear inequalities relating to the problem of everyday
life are non- negative and are called non-negative constraints.

Decision variables:
These non-negative constraints play an important role play an important role for taking
decisions. So these variables are called decision variables.

Feasible region:
A region which is restricted to the first quadrant is called feasible region.

Feasible solution:
Each point of feasible region is called feasible solution.
Feasible solution set:

A set consisting of all the feasible solutions of the system of linear inequatities is called =0 1Y
feasible solution set. e[~ (AN
Convex region: ) - N O i
If a line segment obtained h"jOInI 10 wo ;:‘ln g o; aire; ]rOFE |I°S onu-re yv\,.uun the region
is called convex region. |\ /S0 AL L) L o L~
;E::\’T: ARLE e —

Convex region

Not convex region
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